A glycolipid antigen possessing a serovar-specific antigenic determinant of Leptospira interrogans serovar canicola was purified from a chloroform/methanol extract of the organism. The purification procedures included silicic acid column chromatography and preparative thinlayer chromatography (TLC). Antigenic activity was detected by a TLC-enzyme immunostaining technique using monoclonal anti body CT3, which specifically agglutinates serovar canicola and only weakly serovar sumneri but no other serovars of Leptospira. The purified glycolipid reacted with CT3 antibody, indicating that the glycolipid possessed a serovar-specific antigenic determinant. Infrared spectrum and proton nuclear magnetic resonance analyses showed that the glycolipid contained sugar and lipid moieties, which possessed amide linkages and an acetyl group. Gas-liquid chromatography-mass spectrometry analysis showed that the glycolipid contained two unknown sugars, one of which (unknown sugar 11) appeared to be associated with the antigenic determinant specific for canicola. The serovar-specific antigenic determinant was destroyed by mild alkali treatment of the glycolipid. These findings suggested that the antigenic determinant was an alkali-labile moiety which may be related to the unknown sugar 11.
INTRODUCTION
Determinants of serovar-specific antigLen of Leptospira interroqgans have not been defined. In our previous studies of serovar-specific antigenic determinant(s), the serovar-specific lipopolysaccharide antigen (TM antigen) (Shinagawa & Yanagawa, 1972) was used. We produced several monoclonal anti bodies against TM antigen of Leptospira interrogans serovar canicola and classified them into three groups by their cross-reactivities (On0 et al., 1982) . These antigenic determinant groups on TM antigen of serovar canicola were different in their chemical properties. The group I determinant, which was recognized by monoclonal antibody CT3, was destroyed by mild alkali treatment with 0.1 M-NaOH; however, it was quite resistant to mild acid hydrolysis with 2 M-formic acid. On the other hand, the group I1 determinant, which was recognized by monoclonal antibody CT5, was stable to the alkali treatment, but unstable to the acid treatment. The group I11 determinant, which was recognized by monoclonal antibody CT6, was unstable to both treatments. An antigenic oligosaccharide fraction containing the group I determinant, with an M , of 1500-1800, was isolated from the TM antigen of serovar canicola by formic acid and successive sulphuric acid hydrolyses (On0 et al., 1984) . The fraction, however, was still a mixture of two oligosaccharides, and the small yield of the oligosaccharide fraction made it difficult to separate the two oligosaccharides.
Leptospires have a high lipid content (18-26%) (Johnson et al., 1970) . The antigenic activity of glycolipids of leptospires has not been investigated. However, immunogenic glycolipids of Mycobacterium have been studied and have been found to be species-or type-specific antigens (Brennan & Goren, 1979; Brennan et al., 1981; Hunter et al., 1982 Hunter et al., , 1985 . Therefore, we 1 ml chloroform/methanol (1 : 3, v/v) and repeatedly with methanol.
Monoclonal antibodies and antisera. Monoclonal antibody CT3, which was previously prepared against serovar canicola TM antigen (On0 et al., 1982) , was used. Before use, the specificity of the CT3 antibody was re-examined by the microscopic agglutination test against 13 serovars belonging to the Canicola serogroup, nine serovars belonging to different serogroups of Leptospira interrogans, one serovar of Leptospira bipexa and Leptonema illini. The agglutination titre of the mouse ascitic fluid form of CT3 against serovar canicola was 1 : 2560 and against serovar sumneri, 1 :320; the CT3 antibody did not agglutinate the remaining 11 serovars of the Canicola serogroup, nor Leptospira interrogans serovars australis, autumnalis, grippotyphosa, hardjo, hebdomadis, icterohaemorrhagiae, perameles, pomona and pyrogenes, Leptospira bipexa serovar patoc and Leptonema illini at a dilution of 1 in 40.
The reactivity of monoclonal antibody CT3 was different from that previously reported (On0 et al., 1982); CT3 antibody agglutinated serovars canicola and broomi but not serovar sumneri in the previous study, while it agglutinated serovars canicola and sumneri but not serovar broomi in the present study. The different reactivities were due to the different origins of the reference strains: serovars broomi and sumneri, which had been obtained from the Center for Disease Control, Atlanta, USA (On0 et al., 1982) , were replaced by those provided by the Istituto Superiore di Sanita, Rome, Italy. This was done because serovars broomi and sumneri used in the previous study did not possess major antigens which were reported by Dikken & Kmety (1978) .
Also, monoclonal antibody CT5 was previously prepared against the same serovar canicola TM antigen (On0 et al., 1982) . The agglutination titre of the mouse ascitic fluid form of CT5 against serovar canicola was 1 : 320 and against serovar jonsis, 1 : 160; the CT5 antibody did not agglutinate the remaining 1 I serovars of the Canicola serogroup, nor Leptospira interrogans serovars australis, autumnalis, grippotyphosa, hardjo, hebdomadis, icterohaemorrhagiae, perameles, pomona and pyrogenes, Leptospira bipexa serovar patoc and Leptonema illini at a dilution of 1 in 40.
An absorbed antiserum specific for major antigen Ca-3 (factor serum Ca-3) was provided by Dr B. Cacciapuoti, Istituto Superiore di Sanita, Rome, Italy. It was prepared according to the method of Dikken & Kmety (1978) and had the same reactivity pattern as reported by these authors; the serum agglutinated serovar canicola at the titre of 1 :480 and serovar broomi at the titre of 1 :120.
The polyclonal antisera used were hyper-immune rabbit antisera against whole cells of serovars canicola, bafani, benjamini, galtoni, jonsis, kamituga, malaya and schueflneri of the Canicola serogroup, australis of the Australis serogroup, autumnalis of the Autumnalis serogroup, grippotyphosa of the Grippotyphosa serogroup, hardjo of the Sejroe serogroup, hebdomadis of the Hebdomadis serogroup, icrerohaemorrhagiae of the Icterohaemorrhagiae serogroup, perameles of the Mini serogroup, pomona of the Pomona serogroup, pyrogenes of the Pyrogenes serogroup, kptospira bflexa serovarparoc and kptonema illini, prepared as described previously (Yanagawa et al., 1974) . Antisera against serovars bindjei, broomi and sumneri of the Canicola serogroup were gifts from Dr B. Cacciapuoti, Istituto Superiore di Sanita, Rome, Italy.
TLC-enzyme immunostaining. Enzyme immunostaining of glycolipids separated on a TLC plate was done by the method of Higashi et al. (1984) . Briefly, 10 pg of the intact, the alkali-treated or the acid-treated glycolipid antigen, or of the acetone-insoluble lipids was applied to each lane of a Polygram Sil G TLC plate (Macherey-Nagel, West Germany) and chromatographed as shown in each figure. When completely dry, the plate was dipped in 001 M-sodium phosphate buffer (pH 7.0) containing 0.15 M-NaCI, 1 % (w/v) egg albumin and 1% (w/v) polyvinylpyrrolidone. The plates were then cut into separate lanes, and each lane was immunostained with a different antibody solution. Monoclonal antibody CT3 or CT5 (mouse ascitic fluid form) was used at a dilution of 1 : 100, factor serum Ca-3 was used at a dilution of 1 : 6000 and other polyclonal antisera were used at a dilution of 1 : 100. As a second antibody, peroxidase-conjugated goat anti-mouse or anti-rabbit IgG (Bio-Rad) was used at a dilution of 1 : 1OOO. As a substrate for the peroxidase, 4-chloro-1-naphthol/hydrogen peroxide solution prepared according to the method of Hawkes et al. (1982) was used.
Mild alkali treatment of the glycolipid antigen. This was done by dissolving a sample of the glycolipid antigen in methanolic 0.1 M-NaOH at a concentration of l00pg ml-1 and keeping it at room temperature for 24 h. After neutralization with Dowex 50W-X8 [H+ form], the solution was concentrated by evaporation to a concentration of 1 mg m1-I.
Mild acid hydrolysis of the glycolipid antigen. This was done by dissolving a sample of the glycolipid antigen in 2 M-formic acid at a concentration of 100 pg m1-I and heating at 100 "C for 30 min. The acid was removed by evaporation under vacuum.
Isolation of the antigenic oligosaccharide fraction from serovar canicola TM antigen. Serovar-specific main (TM) antigen was extracted and purified from Leptospira interrogans serovar canicola strain Hond Utrecht IV as previously described (Shinagawa & Yanagawa, 1972) . The antigenic oligosaccharide fraction containing the group I determinant was isolated from the TM antigen as described by Ono et al. (1984) .
Chemicalandphysico-chemical analyses. The infrared spectrum was recorded for a 200 mg KBr tablet containing 200 pg of a sample with an A-102 infrared spectrophotometer (Japan Spectroscopic Co.).
Proton nuclear magnetic resonance (proton-NMR) of a sample was recorded with a 500 MHz JEOL FX-500 spectrometer at a concentration of 4 mg ml-1 in DMSO-d, at 60 "C.
The neutral sugar and fatty acid compositions of the intact and alkali-treated glycolipid antigen and of the antigenic oligosaccharide fraction of TM antigen were determined by gas-liquid chromatography-mass spectrometry (GLC-MS) as described previously (Naiki et al., 1975) . A sample (100 pg) was hydrolysed with 5 % (w/v) HCl/methanol at 80 "C for 24 h. After the fatty acid methyl esters had been extracted with hexane, the neutral sugar components obtained from the methanol layer were trimethylsilylated and analysed in a QP-1000 GLC-MS apparatus (Shimadzu Seisakusho). GLC-MS was done through a glass column (4 x 2000 mm) packed with 2% OV-1 on Chromosorb W (60/80 mesh) by gradually increasing the temperature from 140 to 240 "C at a rate of 2 "C min-'. The fatty acid methyl esters were analysed on the same glass column at 170 "C.
Peak search for the pertrimethylsilylated unknown sugar I1 in a standard mass-spectral library of NBS/NIH/EPA (Heller & Milne, 1978) was kindly conducted by Shimadzu Seisakusho, Kyoto, Japan.
RESULTS
PuriJication of the glycolipid antigen An acetone-insoluble lipid fraction of serovar canicola was chromatographed on a TLC plate and 'immunostained with anti-canzcda monodonal anti body xT-5 7 wo antigenic glycohpids with RF values of 0.1 7 and 0.35 were detected (Fig. 1) . The slower-moving glycolipid was isolated by silicic acid column chromatography and preparative TLC, the latter repeated three times. The faster-moving glycolipid could not be isolated, because the glycolipid which was extracted from the scraped silica gel separated into two spots with RF values of 0.17 and 0.35 by TLC. The purified glycolipid migrated as a single spot on the TLC plate, which was visualized by anthrone/H2S0, reagent as well as by immunostaining with monoclonal antibody CT3 or monoclonal antibody CT5 (Fig. 1) . To examine whether or not the glycolipid contained a major antigen (Ca-3) of serovar canicola, which was found by Dikken & Kmety (1978) , the reactivity of the glycolipid with factor serum Ca-3 was examined by TLC-enzyme immunostaining. The glycolipid was stained by this factor serum (Fig. 1) .
Chemical properties of the glycolipid antigen The infrared spectrum of the purified glycolipid is shown in Fig. 2(a) . The strong absorption bands at 3400 and 1120 cm-' wave numbers showed the presence of many hydroxyl groups derived from carbohydrate moieties. The methylene absorptions observed at 2900 and 1450cm-' indicated the presence of lipid moieties. Slight absorptions at 1650 and 800cm-l indicated the presence of an amide linkage and an or-configuration of the terminal sugar moiety, respectively .
A high resolution proton-NMR spectrum of the purified glycolipid is shown in Fig. 2(b) . The spectrum showed signals in the high field region which were attributable to the methyl and methylene functions of fatty acyl groups, and an acetyl group (2.09 p.p.m.); in the low field region, the signals were attributable to amide protons.
The neutral sugar composition of the purified glycolipid was analysed by GLC-MS. The major components of the glycolipid antigen were unknown sugars I and I1 (Fig. 3a) . The molar ratio of the unknown sugar I to the unknown sugar I1 was approximately 1 : 1. From their retention times and the mass spectrum (Fig. 4a) , the unknown sugars appeared to be different from any of the neutral sugars which have been detected in Leptospira, such as rhamnose, fucose, ribose, arabinose, xylose, 4-O-methylmannose, mannose, galactose or glucose (Yanagihara et al., 1984) . The mass spectrum was not identical to any of the standard mass spectra of NBS/NIH/EPA data banks.
The neutral sugar composition of an antigenic oligosaccharide fraction containing the group I determinant of serovar canicola TM antigen (On0 et al., 1984) was also analysed for comparison. The unknown sugar I1 was detected as a major component (Fig. 3b) . The unknown sugars I1 detected in the glycolipid and in the oligosaccharide fractions of T M antigen were confirmed to be identical by their retention times (Fig. 3a, 6 ) and by mass spectra (Fig. 4a, b) .
The fatty acid composition of the glycolipid antigen was analysed by GLC-MS. The glycolipid antigen contained stearic acid and myristic acid in the molar ratio 7 : 3. Eflect of mild alkali treatment or mild acid hydrolysis of the glycolipid antigen on its reactivity with monoclonal antibodies CT3 and CT5 The glycolipid antigen possessed an alkali-stable antigenic determinant recognized by monoclonal antibody CTS, in addition to the serovar-specific antigenic determinant recognized by monoclonal antibody CT3. Mild alkali treatment of the glycolipid destroyed the reactivity with the CT3 antibody (Fig. Sa-i ) and brought about a decrease in mobility in TLC (Fig. 5a) . In contrast, both the intact and the alkali-treated glycolipid were immunostained with the CT5 antibody ( Fig. Sa-ii) .
Conversely, mild acid hydrolysis of the glycolipid destroyed the reactivity with the CTS antibody ( Fig. Sa-ii ) and brought about a slight increase in mobility in TLC (Fig. Sa) . The serovar-specific antigenic determinant to the CT3 antibody, however, was not destroyed by the hydrolysis (Fig. Sa-i) .
Eflect of mild alkali treatment on the chemical properties of the glycolipid antigen
The neutral sugar and fatty acid compositions of the alkali-treated glycolipid were analysed by GLC-MS. No difference between the intact and the alkali-treated compounds was observed in the neutral sugar composition. The fatty acid composition was not changed, but the stearic acid content was decreased approximately 80% by mild alkali treatment.
Cross-reactivity of' the glycolipid antigen with antisera against other leptospires of the Canicola and other serogroups To examine whether or not the antigenic determinant(s) of the glycolipid antigen were shared with other serovars of the Canicola or other serogroups, the cross-reactivity of the glycolipid with antisera against other leptospires was examined by TLC-enzyme immunostaining. The glycolipid antigen was stained by antisera against serovars broomi, malaya and sumneri of the Canicola serogroup as well as with the homologous antiserum (Fig. Sb) . It was also weakly stained with antisera against serovars benjamini and jonsis of the Canicola serogroup, and serovars icterohaemorrhagiae and pyrogenes of other serogroups, but was not stained with antisera against the remaining serovars of the Canicola serogroup, against serovars australis, autumnalis, grippotyphosa, hardjo, hebdomadis, perameles and pomona, and against Leptospira bijlexa serovar patoc and Leptonema illini.
DISCUSSION
A glycolipid antigen from Leptospira interrogans serovar canicola has been shown to contain a serovar-specific antigenic determinant, which can be recognized by a serovar-specific monoclonal antibody CT3. The monoclonal antibody CT3 strongly agglutinated serovar canicola and weakly serovar sumneri but no other serovars of the Canicola serogroup. Furthermore, the glycolipid reacted with factor serum Ca-3, which was an agglutinin-absorbed serum containing antibodies against the major antigen Ca-3 of serovar canicola, indicating that the glycolipid contained the major antigen of serovar canicola.
The antigenic determinant recognized by the monoclonal antibody CT3 was easily destroyed by mild alkali treatment as found previously (Ono et al., 1984) . A major sugar component (unknown sugar 11) of both the glycolipid and the antigenic oligosaccharide fraction isolated from TM antigen may possess an alkali-labile moiety or a group such as an 0-acetyl group. Twodimensional proton-N MR studies are now in progress to investigate this possibility.
The unknown sugar I1 differed from common neutral sugars which have been detected in various Leptospira (Yanagihara et al., 1984) . The structure of the unknown sugar 11, however, could not be defined in the present study, because the yield of the compound was extremely small. The native and its derivatives will have to be examined by high resolution proton-NMR, I3C-NMR and GLC-MS to elucidate the exact structure.
The glycolipid reacted with another monoclonal antibody, CT5, which recognized the group I1 determinant. Alkali treatment of the glycolipid, which made it more hydrophilic, destroyed its reactivity with the CT3 antibody but not with the CT5 antibody. In contrast, on mild acid hydrolysis the glycolipid lost reactivity with the CT5 antibody but not with the CT3 antibody. These results indicate that these two antibodies recognize different moieties or parts of the carbohydrate chain(s) of the glycolipid.
The glycolipid appeared to possess other antigenic determinant(s), because factor serum Ca-3, which cross-reacted with serovar broomi, was also reactive with this antigen. Moreover, just as the CT3 antibody cross-reacted with serovar sumneri and the CT5 antibody with serovar jonsis, so polyclonal antisera against serovars sumneri, jonsis and broomi reacted with the glycolipid. The glycolipid was, however, also immunostained with antisera against serovars malaya, benjumini, icterohaemorrhagiae and pyrogenes. These facts suggest that more than three antigenic determinants may exist on the glycolipid.
Serovar-specific main (TM) antigen has been extracted from different serovars of Leptospira interroguns (Shinagawa & Yanagawa, 1972; Kasai & Yanagawa, 1974; Adachi & Yanagawa, 1975 ,1977 , 1978 Kawaoka et al., 1979 Kawaoka et al., , 1982 Shimono et al., 1979; Tsuji et al., 1981 ; Ono etal., 1984) . TM antigen possessed properties similar to those of the lipopolysaccharide of Gramnegative bacteria (Shinagawa & Yanagawa, 1972) . Monoclonal antibodies CT3 and CT5, used in the present study, were prepared against TM antigen of serovar canicola, and factor serum Ca-3 reacted with the TM antigen in ELISA (unpublished data). These antibodies reacted with the glycolipid antigen, indicating that several common antigenic determinants exist between the glycolipid and TM antigen. TLC analysis of both antigens showed that the glycolipid differed in mobility from TM antigen; TM antigen did not migrate from the origin on the TLC plate (data not shown). A haptenic compound for structural elucidation has not yet been purified from hydrolysate of TM antigen, despite numerous studies (Kasai & Yanagawa, 1974; Adachi & Yanagawa, 1975 , 1978 Tsuji et al., 1981 ; Kawaoka et al., 1982; Ono et al., 1984) . As the present glycolipid antigen could be purified without much difficulty, it may prove to be a superior material for elucidating the structure of leptospiral antigenic determinants.
The present study is the first report describing the purification and characterization of a leptospiral glycolipid antigen. Studies on the structures of the unknown sugar I1 and of the glycolipid antigen are now in progress.
